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Comments of

Conwood Company, L.P.
National Tobacco Company, L.P.
Swedish Match North America Inc.
Swisher International, Inc.

United States Tobacco Company

regarding

National Toxicology Program Review of Smokeless Tobacco

for Possible Listing in the Ninth Report on Carcinogens

The above-listed manufacturers of smokeless tobacco products -- Conwood
Company, L.P., National Tobacco Company, L.P., Swedish Match North America Inc.,
Swisher International, Inc., and United States Tobacco Company (the “smokeless tobacco
manufacturers”) -- submit the following comments to the National Toxicology Program
(“NTP”) in connection with its review of smokeless tobacco for possible listing in the

Ninth Report on Carcinogens as either “known to be a human carcinogen™ or “reasonably



anticipated to be a human carcinogen,” as announced in a Federal Register Notice of

July 11, 1997 (62 Fed. Reg. 37272)."

: The smokeless tobacco manufacturers understand that NTP’s criteria for
classifying substances as either “known to be human carcinogens” or “reasonably anticipated to
be human carcinogens” are as follows:

1. Known to be Human Carcinogens:

There is sufficient evidence of carcinogenicity from studies in humans which
indicates a causal relationship between exposure to the agent, substance or
mixture and human cancer.

2. Reasonably Anticipated to be Human Carcinogens:

There is limited evidence of carcinogenicity from studies in humans which
indicates that causal interpretation is credible but that alternative explanations
such as chance, bias or confounding factors could not adequately be excluded; or

There is sufficient evidence of carcinogenicity from studies in experimental
animals which indicates there is an increased incidence of malignant and/or a
combination of malignant and benign tumors: (1) in multiple species, or at
multiple tissue sites, or (2) by multiple routes of exposure, or (3) to an unusual
degree with regard to incidence, site or type of tumor or age at onset; or

There is less than sufficient evidence of carcinogenicity in humans or laboratory
animals, however, the agent, substance or mixture belongs to a well defined,
structurally-related class of substances whose members are listed in a previous
Annual or Biennial Report on Carcinogens as either a known to be human
carcinogen, or reasonably anticipated to be human carcinogen or there is
convincing relevant information that the agent acts through mechanisms
indicating it would likely cause cancer in humans.



The smokeless tobacco manufacturers have requested several experts in the fields
of epidemiology, toxicology and experimental carcinogenesis to review the relevant
epidemiological and experimental data published in the scientific literature, and to
provide statements to NTP summarizing that data and expressing their expert opinions as
to whether that scientific data would support the classification of smokeless tobacco,
under NTP’s criteria, as either “known to be a human carcinogen” or “reasonably
anticipated to be a human carcinogen.”

Dr. Kenneth D. MacRae, a Reader in Medical Statistics at the Imperial College
School of Medicine of the University of London, a Fellow of the Royal Statistical Society
and a member of the editorial committee of the British Medical Journal, has reviewed the
epidemiological data relating to smokeless tobacco and cancer. Dr. MacRae’s analysis is
annexed as Attachment A. His conclusion is as follows:

It is my opinion that the epidemiological data do not support the conclusion
that smokeless tobacco has been shown to be a cause of cancer in humans.
Nor, in my opinion, does the epidemiological data, taken as a whole,
support a finding that the use of smokeless tobacco is a risk factor for oral
cancer. Accordingly, I do not believe that the epidemiological data support
NTP’s classifying smokeless tobacco among substances that are either

“known to be human carcinogens” or “reasonably anticipated to be human
carcinogens.”

2 Submission of Kenneth D. MacRae, Ph.D. to NTP dated October 10, 1997
at pages 2-3.



Prof. Paul Grasso and his colleagues at the School of Biological Sciences,
University of Surrey (U.K.) have conducted an extensive review of the scientific literature
on smokeless tobacco in order to examine the experimental evidence relating to
smokeless tobacco and cancer. Their analysis of the experimental data has been compiled
in a monograph entitled “Assessment of the Experimental Evidence Relating to
Smokeless Tobacco and Oral Cancer,” issued on October 31, 1996. A copy of the
monograph is annexed as Attachment B. Based on that assessment and their continuing
review of the relevant experimental data published in the scientific literature, Prof. Grasso
and his colleagues have concluded that:

Overall, the experimental studies support the conclusion that smokeless
tobacco is not carcinogenic in the oral cavity of laboratory animals.
Moreover, it is our judgment that those experimental studies do not support
the listing of oral use of smokeless tobacco products in the NTP’s Ninth
Report on Carcinogens.’

Dr. Torbjorn Malmfors, an internationally noted toxicologist and past president of
the Swedish Society of Toxicology, has also reviewed the published experimental data

regarding the possible carcinogenicity of smokeless tobacco. His analysis is annexed as

Attachment C. Dr. Malmfors’ conclusion is as follows:

’ Letter from Professor Paul Grasso and his colleagues to NTP dated October
6, 1997, a copy of which is annexed as part of Attachment B.



There has been a substantial number of animal studies performed to
investigate the possible carcinogenicity of smokeless tobacco. Studies have
been performed in mice, hamsters, rats and monkeys. Different modes of
exposure have been employed for a life span period in most instances. A
maximally possible amount of smokeless tobacco has been administered in
most experiments both systemically and locally. The animal strains used
and the most relevant sites have all been shown to be sensitive to various
experimental carcinogens.

My overall evaluation of the animal studies is that there are no results
which are sufficiently significant, valid, or relevant to human beings
according to scientific principles, to justify a conclusion under the criteria
established by NTP that smokeless tobacco is “reasonably anticipated to be
a human carcinogen.”
Based upon the analyses of the epidemiological and experimental data relating to
smokeless tobacco and cancer submitted by Dr. Kenneth D. MacRae, Professor Paul
Grasso and his colleagues and Dr. Torbjorn Malmfors, the smokeless tobacco

manufacturers submit that NTP should not classify smokeless tobacco as either “known to

be a human carcinogen” or “reasonably anticipated to be a human carcinogen.”

4 Submission of Torbjorn Malmfors, M.D., Ph.D. to NTP dated October 10, 1997
atp. 19.



IMPERIAL COLLEGE SCHOOL OF MEDICINE
Department of Public Health

Chelsea & Westminster Hospital

369 Fulham Road

London SW10 9NH

Tel: 0181 746 8160
Fax: 0181 746 8151

Kenneth D. MacRae MA PhD FIS
Reader in Medical Statistics

10 October, 1997

Dr. C.W. Jameson

National Toxicology Program
Report on Carcinogens

MD WC-05, PO Box 12233 .
Research Triangle Park, NC 27709

Re: NTP Review of Smokeless Tobacco for Possible Listing in_the Ninth Report on
Carcinogens

Dear Dr. Jameson:

I have been requested by several manufacturers of smokeless tobacco products to
comment on the epidemiological data relating to the issue of whether smokeless tobacco
products can be classsified pursuant to the criteria established by the National Toxicology
Program as being either "known to be human carcinogens” or "reasonably anticipated to be
human carcinogens.” My analysis and conclusions are attached.

Very truly yours,

Kenneth D. MacRae



SUBMISSION BY KENNETH D. MACRAE, Ph.D. RELATING
TO THE NATIONAL TOXICOLOGY PROGRAM’S REVIEW
OF SMOKELESS TOBACCO FOR POSSIBLE
LISTING IN THE NINTH REPORT ON CARCINOGENS

I am Dr. Kenneth D. MacRae, a medical statistician, and am currently Reader in
Medical Statistics at the Imperial College School of Medicine of the University of
London, England. From 1984 to 1997 I was Reader in Medical Statistics at the Charing
Cross and Westminster Medical School, which became part of the Imperial College
School of Medicine in 1997. 1 completed my undergraduate and postgraduate studies at
the University of Aberdeen in Scotland, receiving my Ph.D. in Statistical Decisions in
1970. From 1969 to 1976 I was Lecturer in Medical Statistics at the Queen’s University
of Belfast. From 1976 to 1984 I was Senior Lecturer in Medical Statistics at the Charing
Cross Hospital Medical School of the University of London, England, until I assumed my
current position. I am a Fellow of the Royal Statistical Society and a member of the
editorial committee of the British Medical Journal.

I have been the statistician responsible for the design and analysis of several multi-
centre trials in the field of cancer therapy, all of which have received external funding,
mainly from the British Cancer Research Campaign, but including one trial funded by the

N.C.I. Thave had a particular interest in the validity of epidemiological research and on



specific issues arising out of epidemiological studies. My full curriculum vitae and list of
publications are attached.

I have been asked by several manufacturers of smokeless tobacco products to
comment upon the epidemiological data relating to the issue of whether smokeless
tobacco products can be classified pursuant to the criteria established by the National
Toxicology Program as either “known to be human carcinogens” or “reasonably
anticipated to be human carcinogens.”

I understand that NTP’s criteria for listing agents, substances or mixtures as
“known to be human carcinogens” are as follows:

“There is sufficient evidence of carcinogenicity from studies in humans
which indicates a causal relationship between exposure to the agent,
substance or mixture and human cancer.”
I further understand that NTP’s criteria for listing agents, substances or mixtures as
“reasonably anticipated to be human carcinogens,” as the criteria relate to
epidemiological studies, are as follows:
“There is limited evidence of carcinogenicity from studies in humans which
indicates that causal interpretation is credible but that alternative
explanations such as chance, bias or confounding factors could not
adequately be excluded.”
It 1s my opinion that the epidemiological data do not support the conclusion that

smokeless tobacco has been shown to be a cause of cancer in humans. Nor, in my

opinion, does the epidemiological data, taken as a whole, support a finding that the use of



smokeless tobacco is a risk factor for oral cancer. Accordingly, I do not believe that the
epidemiological data support NTP’s classifying smokeless tobacco among substances that
are either “known to be human carcinogens” or “reasonably anticipated to be human
carcinogens.”

Although the IARC (1985) and Surgeon General’s (1986) reports regarding
smokeless tobacco and cancer reviewed many epidemiological studies, the data are both
inconsistent and quantitatively and qualitatively sparse. Many of the studies fail to
control for one or more confounding factors. Some involve study populations that are
small or fail to report sufficient information so that it is difficult to perform any
meaningful statistical analyses of the data. I have personally examined these and
subsequent epidemiological studies, as well as the doctoral thesis and data underlying the
retrospective case control study by Winn, et al. (1981), the principal study relied upon by
both the IARC and the Surgeon General.

Epidemiology is the study of disease by statistical methods in order to identify
factors which are statistically associated with the occurrence of disease. It does not deal
with the mechanisms or pathogenesis of disease. Statistical association alone does not
establish a causal relationship; it does form the basis for further laboratory and clinical
research. There are several types of epidemiological studies, and they, as might be

expected, vary greatly in their strengths and susceptibilities to bias.



The epidemiological data with respect to smokeless tobacco fall into three
categories: case series, retrospective case control studies, and prospective cohort studies.
As you know, case series cannot even establish a “statistical association” due to the
absence of controls. At best, they create an interest in the possibility of a relationship
between a disease and some factor. A search for possible statistical associations between
a disease and one or more factors, however, can be carried out by using one of two
epidemiological study designs, namely, the retrospective case control design and the
prospective cohort design. Using these designs, statistical associations with oral cancer
have been reported for the following with varying degrees of consistency: diet,
mouthwash, alcohol consumption, smoking, oral hygiene, ill-fitting dentures, anaemia,
Plummer-Vinson disease, occupation, vitamins, leukoplakia, syphilis, Epstein-Barr virus,
gender, socio-economic status, age, race, and ethnicity.

In addition, smokeless tobacco, the present subject of inquiry, has also been
reported to be statistically associated with oral cancer in some studies. With respect to
smokeless tobacco and oral cancer, the best retrospective case control study to date is the

Winn study. Yet, even this study has admitted “methodological limitations™ and cannot



provide the basis for a conclusion that smokeless tobacco causes cancer. A brief review
of the epidemiological studies relating to smokeless tobacco and oral cancer follows.!

While some studies report a statistical association between the use of smokeless
tobacco and oral cancer, others have not. At the outset, it should be reiterated that
virtually all these studies suffer from various methodological weaknesses, such as very
limited populations in confined geographic regions or failure to account for confounding
factors. Nevertheless, a review of these studies is useful to demonstrate the equivocal
nature of the data on the issue of statistical association.

The major epidemiological studies showing no association between smokeless
tobacco use and oral cancer include: Smith, et al. (1970), Smith (1975), Wynder, et al.
(1957), Peacock, et al. (1960), Martinez (1969), Wynder and Stellman (1977), Browne, et
al. (1977), , Young, et al. (1986), Sterling, et al. (1992), Mashberg, et al. (1993) and
Muscat, et al. (1996).

Smith, et al. (1970) and Smith (1975) report a prospective follow-up study
conducted in Tennessee involving 15,000 smokeless tobacco users, 1,550 of whom were

followed for 10 years. It was reported that none of these individuals developed either oral

' As to epidemiological data relating to any possible association between smokeless
tobacco and cancers outside the oral cavity, the 1986 Surgeon General’s report stated: “Evidence
for an association between smokeless tobacco use and cancers outside of the oral cavity in
humans is sparse. Some investigations suggest that smokeless tobacco users may face increased
risks of tumors of the upper aerodigestive tract, but results are currently inconclusive” (p. xxiii).
I am not aware of any studies published over the past 11 years which would warrant a change in
that conclusion.



cancer or serious changes in the oral mucosa. The primary researcher concluded: “I
believe that the type of snuff used in this country cannot logically be considered as
carcinogenic in view of the large number olf patients who have used snuff for many years
with no clinical or histological evidence of tissue change.”

Wynder, et al., (1957) reported no statistically significant association between

tobacco chewing and oral cancer in a large Swedish population. Peacock, et al. (1960) in
a retrospective study of 45 oral cancer patients reported no statistically significant
association between oral cancer and smokeless tobacco use except in individuals from a
low economic status who were over 60 years of age. Information on alcohol use or
cigarette smoking was not obtained in sufficient detail to be accounted for in the
statistical analysis.

Martinez (1969), in a retrospective study of 400 cases and 1,200 controls, found
that “[p]Jatients with cancer of the mouth did not often use chewing tobacco
disproportionately....” Wynder and Stellman (1977), in a retrospective study at 20
hospitals in 8 American cities, reported on 873 cases of oral cancer and found the use of
smokeless tobacco in these cases was almost identical to that of the controls.

Browne, et al. (1977) conducted a retrospective study in England of 75 oral cancer
patients and 150 controls and concluded that “[t]obacco chewing, which was restricted to
miners, was equally common (45%) in the two groups.” Young, et al. (1986) was a

retrospective case control study of 623 Wisconsin patients with cancer of the head and



neck. With respect to the patients who ever used snuff or chewed tobacco regularly, it
was found that there were no statistically significant differences between cases and
controls.

Sterling, et al. (1992) used the National Mortality Followback Survey and the

National Health Interview Survey to compute risk estimates for mortality for all cancer,
oral cancer and cancer of the digestive organs for use of smokeless tobacco, controlling
for potential confounding from smoking, drinking alcohol and occupation. No
statistically significant associations were found for any of these groups of cancer.

Mashberg, et al. (1993) conducted a hospital based case-control study of 359
patients with oral cavity - oropharynx cancer and 2,280 controls. No increased risk of
oral cancer was found for use of snuff or chewing tobacco.

Muscat and his colleagues at the American Health Foundation (including Dr. Ernst
L. Wynder) conducted a hospital based case-control study of 1009 patients with oral
cancer and 923 age-matched controls (Muscat, et al. (1996)). They found that oral snuff
use and use of chewing tobacco were unrelated to oral cancer, 1.3% of male cases and
1.6% of male controls having used snuff at least once a week for one or more years, and
5.5% of male cases and 5.3% of male controls having used chewing tobacco at least once

a week for more than one year. Among women, only 2 cases and 1 control reported snuff

use, and no women reported using chewing tobacco regularly.



The major epidemiological studies reporting statistical associations of varying
strengths between smokeless tobacco and oral cancer, include: Moore, et al. (1953),
Vogler, et al. (1962), Vincent and Marchetta ( 1963), Williams and Horm (1977),
Westbrook, et al. (1980), Stockwell, Q al. (1986), Spitz, et al. (1988), and Winn, et al.
(1981). Mooré, et al. (1953) was a retrospective case control study of 40 cases of mouth
cancer in Minnesota. The authors report a statistically significant association between
smokeless tobacco use and mouth cancer. The data reflect a relative risk of 4.0 for this
association. The 1986 Surgeon General’s Report discounts this study as a whole because
the relative risk estimates for the association between smoking and mouth cancer were
less than 1.0 (0.6 for pipe smoking; 0.54 for cigarette and cigar smoking).

Vogler, et al. (1962) in a retrospective study looked at 333 cases of cancer of the
mouth, pharynx and larynx and reported a statistically significant association with
smokeless tobacco use. The study, however, does not take account of alcohol and
smoking as confounding factors.

Vincent and Marchetta (1963) reported a retrospective study of 106 patients with
cancer of the head and neck and 150 controls. The study reported a higher rate of usage
of smokeless tobacco in male patients with oral cavity cancer than in controls. This
comparison was based on only 9 smokeless tobacco using cases and 5 smokeless tobacco
using controls. Therefore broad conclusions from these limited data cannot be drawn. In

addition, this study failed to control for smoking, alcohol use, and age.



Williams and Horm (1977) did a case control analysis of cancers based on data
from the Third National Cancer Survey. The statistically significant associations reported
in this study between smokeless tobacco use and oral cavity cancer in males but not in
females were based on only 11 males who were smokeless tobacco users. Moreover, this
study used other cancer sites as controls and as the authors concede “[t]he intercancer
comparison approach required for the analysis of these data is one of the most likely
sources for possible misinterpretations.... This approach can produce factitious inverse
(or even positive associations)....”

The medical records of 55 female patients treated at the University of Arkansas
with cancer of the alveolar ridge or buccal mucosa were compared with the records of 55
randomly selected female hospital controls (Westbrook, et al., (1980)). Fifty of the cases
and only 1 of the controls were reported to be snuff dippers. The results of this study
appear to be grossly out of line with any other reported study as the data reflect a relative
risk 0f 540.0. These extraordinary results are an extreme example of the methodological
problems iﬁherent in retrospective case control studies. Here, snuff usage information for
the cases and controls was obtained from the medical records of the patients, and many of
the controls were undoubtedly being treated for conditions that would not elicit
information relating to snuff use. As the Surgeon General’s Report observed with regard

to this study, “[n]o reliable estimates of risk can be derived from this study because of the



strong possibility that there was not comparable elicitation of exposure information for
cases and controls.”

Stockwell, et al. (1986) conducted a retrospective case control study involving
2,351 cases of head and neck cancer in Florida and reported an 11-fold risk of mouth and
gum cancer in smokeless tobacco users. As the authors themselves noted, there was no
control for confounding by smoking and alcohol use. In addition, as with Williams and
Horm (1977), the controls were other cancer patients.

Spitz, et al. (1988) reported on a retrospective case control study in Texas of 185
patients with cancer of the larynx, tongue, orohypopharynx, and oral cavity. Although
the authors report that a relative risk of 3.4 is statistically significant, based on 9 snuff
dipping cases (4 larynx, 4 oral cavity and 1 orohypopharynx) and 4 snuff dipping
controls, in fact the odds ratio is actually 2.3 and is not statistically significant. All 9
cases drank alcohol and smoked, meaning that the association with snuff dipping is
completely confounded by smoking and drinking. In addition, when analyzed by site, the
data show no association between oral cavity cancer and snuff use.

The best retrospective case control study to date reporting an association between
smokeless tobacco use and oral cancer is Winn, et al, (1981), but this study also has
methodological limitations, which are recognized by the authors, and does not establish
that smokeless tobacco is a risk factor for oral cancer, much less that it is a cause of oral

cancer.

10



This was a retrospective case control study involving 232 women in North
Carolina with oral and pharyngeal cancer selected from hospital records and death
certificates and 410 controls that were matched for age, race, source of ascertainment
(Le., hospital or death certificate), and county of residence. Interviews were conducted
with the subjects or, where the subjects were unavailable, with next-of-kin to accumulate
information about the cases and controls with respect to a broad range of topics. The
proportion of next-of-kin interviews was much greater for cases (51%) than for controls
(21%) in the hospital series. The hospital series constituted the greater proportion of the
study subjects. The death certificate series was of course all next-of-kin interviews.

A major methodological problem, therefore, with this study is that substantially
more next-of-kin interviews were conducted with cases than with controls. Analysis of
the interview technique reveals that next-of-kin reported more snuff usage than the study
subject herself. Therefore, the interview source itself may have increased the snuff usage
among the cases in this study compared to the controls thereby inflating rates or relative
risk as to snuff use.

Next, Winn, et al. is repeatedly cited, including by the IARC and the Surgeon
General, for their reported finding that snuff dipping for greater than 50 years resulted in

a 47.5 relative risk for gum and buccal cancer. It should be noted that this relative risk is

out of line with virtually every other study on this subject. The researchers have achieved

11



this extraordinary relative risk by excluding from their calculations the strata of the data
which do not show statistically significant associations.

For example, pharynx and other moﬁth sites do not show a statistically significant
risk, so the analysis is confined to the gum and buccal sites; smokers do not show a
 significant association, so the analysis is confined to non-smokers; and the death
certificate cases do not show a statistically significant association, so the analysis is
confined to the hospital cases. They also chose periods of duration of use (Le., 1-24
years, 25-49 years, 50 and over years) in order to maximize the relative risk. However,
when all cases and all controls for all sites are considered, the relative risk for 50 years or
more of snuff dipping is actually 1.99.

In any event, even if the obviously biased selection of the data were appropriate,
Winn, et al. used an Inappropriate method for calculating the 50 years and over odds ratio
because it ignores the matching of the cases and controls. If other more appropriate
methods designed to take account for matching were used, the relative risk for this highly
selected data would be approximately 5.

Winn, et al. also report a dose response relationship based on the same highly
selective data discussed above. Yet, as Winn states in her doctoral thesis, when the data

are taken as a whole, “[o]ral cancer was not clearly related to the amount or duration of

snuff use.”

12



Winn, et al. find that among those subjects Who both smoked and dipped snuff,
“the risk of oral and pharyngeal cancer was not exceptional,” the relative risk being 1.2.
Yet, snuff dipping in terms of can years in this group was greater than in non-smoking
dippers who had a relative risk of 3.6. In addition, the smoking dippers had an average
consﬁmption of 15 cigarettes per day and 22 pack years while the non-smoking dippers
obviously had no smoking exposure at all. These data, coupled with the absence of a
dose response relationship, argues against the biological plausibility of the sometimes
reported association between oral cancer and snuff use as being one of cause and effect.

A curious feature of this study is the absence of an association between oral cancer
and snuff use in blacks. Another curious feature of this study is that the data show
statistically significant negative associations between alcohol consumption and oral
cancer in non-smokers and in dippers. Such anomalous results further illustrate the
degree of caution that needs to be exercised in interpreting statistical associations whether
positive or negative in a retrospective case control study such as this.

Finally, even if the Winn study was beyond reproach methodologically, it must be
remembered that it is only one retrospective case control study with all the limitations
inherent in such studies and that the study population to which it refers is hardly
representative of the U.S. population in general, being largely elderly women from the
Piedmont region of North Carolina. Broad conclusions can hardly be based on such a

study. It is noteworthy that 16 years after the publication of the Winn study, which

13



garnered widespread attention in the public health community, the results of this study
have not been reproduced in the Piedmont region of North Carolina, nor in any other
population.

In direct contrast to her positivé findings in non-smoking dippers in her case
control study, Winn, et al. (1982) found no association with oral and pharyngeal cancer in
non-smoking users of smokeless tobacco in a follow-up of 300,000 U.S. veterans from
the Do study.

In summary, the statistical studies conducted to date do not convincingly show the
use of smokeless tobacco to be a risk factor for oral cancer, let alone a cause of that
disease. Accordingly, in my opinion, it would be unwarranted for the NTP to list
smokeless tobacco products as either “known to be human carcinogens” or “reasonably

anticipated to be human carcinogens.”

Kenneth D. MacRae, Ph.D.

10 October, 1997
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Ré’ORT RI93/TOX/001
EXECUTIVE SUMMARY

The purpose of this monograph is to review experimental dara dealing with smokeless tobacco
as a possible cause of oral cancer. This review has been undertaken mainly because anecdotal
. reports and epiderniological studies have raised a question about the relarionship berween the
use of smokeless tobacco and oral cancer in hurnans. However, the anecdonl reports lack
scientific mmg while the epidemiological studies are confounded by a number of other
factors which are associated with oral cancer. These include poor oral hygiene, socio-economic
status, diet and alcohol.

Long-term studies in experimental animais of different species indicate that smokeless tobacco
1s not carcinogenic in the oral cavity. When the epithelium of the hamster cheek pouch was
cxposed to large quantities of smokeless tobacco for long periods there was no resulting oral
cancer although parallel studies showed that the cheek pouch epithelium was sensitive to known
chemical carcinogens at much lower levels of exposure. In studies in which smokeless tobacco
was 1nserted into a surgically- constucted lip canal in the rat there was an incidence of umours
of the connective tssue and the epithelium of adjacent strucrures, These tumours can be

explained however by the mechanical rauma of the procedures used.

Chemical analysis of smokeless tobacco indicates the presence of a class of compounds called
tobacco specific nirosamines (TSNAs). Some of these compounds, when tested in pure form,
ie isolated from smokeless 1obacco, cause both benign and malignant wumours in some organs of
laboratory rodents. These TSNAs, however, do not cause cancer in the oral cavity of
laboratory animals. Their carcinogenic effect in the other organs is considerably reduced if the
cxpenimental animals are treated with certain plant products, including tobacco itself, just prior
to or at the same time as exposure to the tobacco-specific nitrosamines (T SNAs).

Examinaton of the mechanisms by which TSNAs are memabolised in marnmals has confirmed
 that, like other carcinogenic nitrosamines found in food and other piant marerials, they form
metabolites which are capable of interacting with cellular genetic material such as DNA.
However, the production of these agents mn the different organs of experimental animals does
not correlate very well with the sites of umour formarion. Somne of the plant products such as
alkylarylisothiocyanates, which are commonly found in cruciform vegetables have been shown
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to reduce the carcinogenic potential of TSNAS in long-term animal studies and they also inhibit
the metabolism of TSNAS to agents which interact with DNA.

For many years mumagenicity studies have been used as indicators of potential carcinogenicity.
Smokeless tobacco itself, because of its physical nature, cannot easily be tested in experimental
mumgenicity procedures but the TSNAs and exmacts of smokeless tobacco have been shown to
‘be mutagcxiic. The observaton of mutagenicity is supported by the demonstation that
mcmﬁolic products from TSNAs interact with DNA. In the absence of results from long-term
animal studies these mutagenicity results would have been interpreted as indications that
smokeless tobacco was potennally carcinogenic. However, the negarive results in the anirmal
carcinogenicity studies are better indicators of the potential carcinogenicity of smokeless

tobacco than the results of the mutagenicity tests.

Somé viruses, partcularly the herpes simplex virus, are associated with the incidence of cancer.
It has been shown experimentally that there was a high incidence of oral cancer in hamsters
when snuff was applied repeatedly to the oral cavity if an active infection with herpes simplex
virus was artificially maintained for the whole of the experimental period. No tumours were
observed in hamsters or rats treared similarly with smokeless tobacco when the virus infecton

had been allowed to become dormant.

Overall the experimental studies support the conclusion that smokeless tobacco has not been
shown to be carcinogenic in the oral caviry of laboratory anirmnais.
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